The road dusts (RD) are fugitive in nature causing potential health hazards to people living in highways. They are generated from different sources on the roads and being a valuable archive of environmental information. In the present work, contamination assessment of 18 heavy metals and ions in road dusts of the country are described. Techniques i.e. ion selective, ion chromatography and atomic absorption spectrophotometers were used for analysis of the ions and metals. 
Introduction
Air pollution has become a growing problem in megacities and large urban areas of the World [1] [2] . The estimated number of light and heavy vehicles in India registered is >120 million. A large fraction (>40%) of the air pollution is contributed by road transport, emitting a wide range of gaseous air pollutants and suspended particulate matter of different sizes and compositions [3] [4] . Transport-related air pollution causes a number of health problems i.e. increased risk of death, particularly from cardiopulmonary causes, and it increases the risk of non-allergic respiratory symptoms and disease [5] - [7] . Urban street dusts are sinks of the various pollutants (i.e. ions, metals, organics, etc.) depositing by sources i.e. motor vehicles, industry, weathered materials, etc. [8] - [29] . Therefore, in the proposed work, contamination assessment of ions and metals i. e 
Materials and Methods

Study Area
The road dust samples were collected from 42 locations of the country, near high way (Figure 1 ). The most of sampling locations were chosen from the Chhattisgarh state of the country due to running of several industries and coal based thermal power plants. Other samples were taken from 5 cities and towns of India. 
Sample Collection
Total 42 surface road dust samples (0 -10 cm) over area of 6 × 6 cm 2 were collected from various locations of the country in year, 2008. Four samples from different points of each location were collected, and a composite sample was prepared by mixing them in equal mass ratio. In years, 2009-2014, one composite sample from location: Siltara-I was collected in each year. The samples were collected by using plastic spoon in month of May during years from 2008 to 2014. They were kept in a glass bottle (250 mL) and dried at 60˚C in an oven for overnight (12 hr) . The samples were crushed into fine particles by mortar and sieved out the particles of mesh size <0.1 mm.
Sample Preparation and Analysis
The color of the dust was differntiatted by using the standard color chart. A 10 g dust sample was extracted with 50 mL deionized hot water (≈50˚C) for 6 hrs in the shaker. The extract was filtered by using filter paper (pore size, 2 µm). The pH values were measured by using Hanna pH meter.The fluoride content was monitored with Metrohm ion meter-781 equipped with fluoride ion selective electrode and calomel electrode by using buffer in an equal ratio. 2+ and Ca 2+ was analyzed by using Dionex DX1100 ion chromatography, equipped with anion separation column (AS9-HC, 250 × 4 mm), cation separation column (CS12A, 250 × 4 mm) and conductivity detector. The eluents, 9 mM Na 2 CO 3 (1.4 mL/min) and 20 mM methyl sulfonic acid (0.8 mL/min) were used for leaching of the anions and cations, respectively. The content of ions was determined by using the standard calibration curves.
The dust samples were digested with HNO 3 :H 2 O 2 in closed vessel microwave digestion system (MARS 5). The Varian Liberty AX Sequential ICP-AES and Varian AA280FS atomic absorption spectrophotometer equipped VGA-77 (plasma flow: 15 L/min, auxiliary flow: 1.5 L/min) were used for analysis of the metals in the dust. The VARIAN "SpectrAA 55B equipped with hydride/cold vapor regenerator accessories was employed for analysis of elements i.e. As and Hg. The urban dust reference material, QUA NAS from EU was used for the quality control.
The principal component analysis (PCA) method was used for analyzing relationships among the observed variables [30] . The statistical window software STATISTICA 7.1 was employed for the statistical analysis.
Results and Discussion
Dust Characteristics
The physical characteristics of the dusts are shown in Table 1 . The color of dusts was varied from yellow to black. The urban dusts were blackish to black in color. The pH value of dust (n = 42) was ranged from 6.4 -9.5 with mean value of 7.4 ± 0.2 at 95% probability. The dust of coal burning site of country like Korba was found to be slightly acidic due to the relatively higher content of ions i.e. Cl − and 2 4 SO − .
Ions in Road Dust
The contents of water soluble ions in the road dusts (n = 42) is summarized in 
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Metals in Road Dust
The concentration of the metals i.e. As, Cr, Mn, Fe, Ni, Cu, Zn, Pb and Hg in the road dusts of Raipur city is shown in ± 42 and 0.08 ± 0.02 mg/kg, respectively (at 95% probability). Among them, Fe exhibited extremely high concentration in all locations of the Chhattisgarh state. The ferro-alloy metals i.e. Fe, Cr, Ni and Hg showed the higher concentration in the industrial locations. However, metals i.e. Cu, Zn and Pb exhibited the higher concentration in the highway sites i.e. Tatibandh due to vehicular and tire emissions. The concentration of the metals in the dust was seen in the following increasing order: Hg < As < Ni < Cu < Pb < Cr ≈ Zn < Fe. A temporal enhancement in the content of metals in the road dust of Siltara-I is shown in Figure 4 . The metal content was found to increase at rate of >2% from year 2008-2014 due to an enormous increase in number of vehicles and iron industries. The content of metals in the road dust of studied area was found to be higher than other regions of the World due to increased mineral roasting and coal burning activities [10] - [29] .
Salinity of Dust
The salinity is a sum of content of water soluble ions (i. , and ranged (n = 42) from 0.28% -9.10% with mean value of 2.23% ± 0.44%, respectively. Among them, the highest value (9.10%) was observed at Delhi, may be due to highest vehicle frequency (>6,000,000). The mean salinity value was found to be at least 10-times higher than the recommended value of 0.25%.
ESP and SAR Values
The presence of excessive amounts of exchangeable sodium causes deflocculating of soil. A soil is considered "sodic" when the exchangeable sodium percentage (ESP) is 6% or greater. Sodium adsorption ratio (SAR) is a ratio of the sodium (detrimental element) to the combination of calcium and magnesium in relation to known effects on soil dispensability. The ESP and SAR value was ranged from 14.2% -67.1% and 2.2 -95.3 with mean value of 26.6% ± 3.4% and 13.1 ± 4.1, respectively. Among them, the highest value was recorded at Delhi, due to the largest anthropogenic activities in the capital city of the country. The higher ESP and SAR values were observed in the locations i.e. industrial area, bus stand, etc. due to increased human activities. The ESP and SAR value of the road dusts of the country were found to be much higher than recommended value of 15% and 6, respectively.
Contamination Factor
The contamination factor (C f ) is a concentration ratio of element from the road dust to the background level present in the earth crust [31] . The C f value for F − , Ni, Hg, Fe, Cr, Zn, Mn, Cu, Pb, Cl − and 2 4 SO − was found to be 1.1, 1.7, 2.1 2.2, 2.6, 3.9, 7.3, 10, 10 and 15, respectively. Among them, Cu, Pb, Cl − and 2 4 SO − were highly contaminated at all locations. However, other metals i.e. Hg, Fe, Cr, Zn and Mn were poorly contaminated in the road dust.
Cluster Analysis
The dendrogram of the sample sites is presented in Figure 5 . Cluster analysis was performed on the dataset by Ward's method using Euclidean distance as similarity measure. The variables were interrelated to each other according their maximum similarities. First, the interrelation takes place between two variables which had the most similarity and the next repetition other similar pair clusters were related together [32] . Three groups of sample sites were observed: Group A (n = 1) with the sample site No. 40 which is Nizamuddin railway station located in Delhi. The sample site No.40 stands as an outlier. Group B (n = 10) which contained the sample sites nos. 7, 8, 13, 14, 17 located in Raipur, 20 -22 in Bhilai, 31 in Korba and 38 in Jabalpur. Group C (n = 31) is formed by the rest of sample sites located in Raipur, Bhilai, Korba and the others locations, except Jabalpur. The discriminating parameters between the three groups were pH, F − and inorganic nitrogen ( 
Correlation Matrices
The correlation matrices of the ions and metals in the dusts are presented in 2+ and Ca 2+ had each one a strong positive loading value. Na + and Cu showed some moderate loading values on Factor-1. It characterized the presence of salts and organic matter for which Cu had a great affinity. Factor-2 accounted for 22.50% of the total variance. Chromium and Ni had a strong positive loading value, and Fe presented a moderate loading value. Mercury had a negative loading value on Factor-2, by denoting different sources between Cr or Ni and Hg.
Factor-3 represented 14.23% of the total variance. Manganese and Pb showed absolute strong loading values on Factor-3. Manganese was in opposite relation with metals i.e. Pb, Zn, Cr, Cu, Ni and Fe. This can be explained by the different sources of Mn in relation to the trace metals cited above.
Factor-4 accounted for 7.81% of the total variance. Metals i.e. Pb, Zn and K had each one a strong positive loading value on Factor-4. Arsenic presented a negative loading value, this denoted also different sources between As and Pb or Zn. The results of factor analysis highlighted the complexity of the different sources of metals.
A higher concentration of Zn and Pb in the road dust was found, and their prominent sources expected were ZnO and Pb used in tire thread and in the motor vehicle wheel balance weights, respectively [10] . The possible source of the metals i.e. As, Cr, Mn, Fe, Ni and Hg are road materials, automobile rust, motorcar exhaust, steel plants and coal burning [18] .
Conclusion
The main dominating species in the road dust is the Fe, contributing ≈75% fraction of the content of 18 elements (i. . However, the fraction of Na and Ca includes 4% and 8%, respectively. The road dust is a sodic in nature at hazardous levels. The motor vehicle exhaust emissions are expected to be main sources for contaminating the road dust with Cl − , 2 4 SO − , Cu, Zn and Pb nearby highways. The higher concentration of F − was marked in two locations: Raipur and Korba of the country due to huge coal burning and running of an Aluminium Plant.
